We use the far-UV (FUV) and near-UV images of M83 obtained by the Galaxy Evolution Explorer (GALEX) to compute the radial profile of the UV spectral slope in the star-forming disk. We briefly present a model of its chemical evolution, which allows us to obtain realistic intrinsic properties of the stellar populations. Using corollary data, we also compute the profiles of Ha/Hb and total-IR/FUV ratios. Both the data and model are used to estimate and compare the extinction gradients at the FUV wavelength obtained from these various indicators. We discuss the implications for the determination of the star formation rate.
INTRODUCTION
UV and optical observations of galaxies are, in general, affected by dust extinction. Empirical determinations of the star formation rate in individual galaxies, modeling of the radial properties and color gradients of galaxies (e.g., MacArthur et al. 2004 ), or estimations of the "cosmic star formation rate history" (e.g., Madau et al. 1998 ) all need to take into account its effects. While detailed radiative transfer calculations selfconsistently accounting for the whole spectral energy distribution (SED) can be used to estimate this effect (e.g., Popescu et al. 2000 Popescu et al. , 2004 , it is usually done by applying much simpler standard recipes.
These recipes include the following:
1. Balmer decrement method.-This involves a comparison of the observed Ha/Hb ratio with its predicted value (2.86 for case B recombination; e.g., Osterbrock 1989 used for Ha attenuation, its results can be extrapolated to other wavelengths (e.g., Buat et al. 2002) .
2. UV spectral slope method. -Meurer et al. (1999, hereafter M99) proposed a relation between the UV extinction and the UV spectral slope b (the continuum spectrum between 1300 f l and 2600 , having a shape of ) in starbursts. Recently, Kong 3. The total-IR (TIR)/UV luminosity ratio method (see M99).-Radiative transfer models have shown that this ratio is a robust indicator of the UV extinction, since it does not depend much on either the geometry or the star formation history Each of the above methods has its own limitations. The Balmer decrement method is affected by systematics caused by uncertainties in the underlying absorption of the stellar populations, and by the fact that it concerns only very massive stars and may not represent the extinction affecting older stars. The UV spectral slope method was calibrated for starburst galaxies and may not apply more generally. Moreover, both methods rely on colors determined at similar wavelengths that are quite sensitive to dust radiative transfer effects (Witt et al. 1992; Witt & Gordon 2000, hereafter WG00) . Finally, the TIR/UV method is the most reliable, but until the advent of the Infrared Space Observatory (ISO) and now the Spitzer Space Telescope, this method was limited in its application by the low spatial resolution of the IRAS data.
M83 is an interesting laboratory to test the recipes for extinction, given the profusion of data available in addition to the GALEX images, and for being almost face-on. Models of its stellar content and chemical evolution can be constrained by these data and used to predict the intrinsic properties of the stellar population. An alternative study combining observations of M101 from GALEX and ISO is presented in Popescu et al. (2005) .
OBSERVATIONS
GALEX observed M83 for a total of 1352 s on 2003 June 7 simultaneously through its far-UV (FUV) and near-UV (NUV) . A median filter was applied in the cases of (c) and (d). j 8 # 8 sky bands (see Fig. 1 ). From these images, we derive the FUV and NUV profiles by azimuthally averaging along ellipses after masking the stars and subtracting the sky. The ellipticity and position angle (0.1 and 80Њ) were taken from Kuchinski et al. (2000) . In this paper, the authors presented Ultraviolet Imaging Telescope (UIT) observations of M83. The galaxy was observed by UIT only in the FUV domain, and with a slightly better resolution (∼3Љ) than the GALEX one (∼5Љ). The surface brightness sensitivity limit of the GALEX image, however, is ∼2 mag deeper. Our FUV profile is in good agreement with the one published in Kuchinski et al. (2000) , but extends to larger radii. The map and radial profile of the UV spectral slope b GL X (computed in the GALEX bands as in K04) are shown in Figures 1c and 2a , respectively. We estimate 0.15 mag to be the uncertainty in the calibration of the GALEX AB surface brightnesses.
We derive the Ha and Hb profiles from narrowband imaging ( ) in the lines and adjacent continuum images, FWHM Ӎ 60 A all obtained at the Las Campanas Observatory (LCO; Chile) 40 inch (1.0 m) telescope using the pixel CCD 2048 # 3150 camera.
To estimate the [N ii] ll 6548, 6584 contamination of the Ha image and the underlying Balmer absorption, we used a drift-scanning long-slit spectrum of M83 obtained with the WFCCD spectrograph at the LCO 100 inch (2.5 m) telescope. We measured [N ii]/Ha p 0.45. Both Hb absorption and emission were detected along the central ‫4ע‬Ј of M83. The average underlying absorption at Hb is 4.2 ( ). Since theÅ rms p 1 A absorption in Ha could not be measured, we assumed it to be the same as for Hb (e.g., McCall et al. 1985) .
Profiles were computed from the 60 and 100 mm images obtained by a IRAS-HIRES request (Rice 1993) . The 60 mm image was convolved with a Gaussian to obtain a resolution similar to the 100 mm image (∼90Љ). The two profiles were then combined to compute the TIR surface brightness profile, following Dale et al. (2001) . The resolution of the FUV images was degraded in a similar way, before computing the TIR/FUV ratios profiles.
MODELS OF M83
We use models for the chemical and spectrophotometric evolution of M83 based on Boissier & Prantzos (2000, hereafter BP00) , with an updated star formation law (depending on the angular velocity) determined in Boissier et al. (2003) . To compute the star formation rate (SFR), we adopt the rotation curve of Crosthwaite et al. (2002) . These models, however, cannot reproduce the observed gaseous profile (taken from Crosthwaite et al. 2002; Lundgren et al. 2004) . This is most likely because the models do not include radial inflows. There are reasons why such a flow might be present in M83: the strong bar could induce radial motion, and the central starburst needs to be supplied with fresh gas. Interaction with NGC 5253 may be responsible for these peculiarities (van den Bergh 1980). We introduce in the models of BP00 radial inflows of various 
crosses). The dotted curve is obtained using the previous fit instead of A(FUV). [See the electronic edition of the Journal for a color version of this figure.]
efficiencies and various starting times. The best models chosen are the ones reproducing the observed dust-free profiles: total gas and near-infrared surface brightness of the Two Micron All Sky Survey. Several models that include a flow beginning a few gigayears ago (1-5 Gyr) produce satisfactory results. In Figure 2a , we show the profile of the average intrinsic spectral UV slope ( , short-dashed curve) , and the range of values b 0 (shaded area) obtained with these best models. 
EXTINCTION MAPS AND PROFILES
We now consider the "classical" extinction estimators used in extragalactic studies:
1. The A(Ha) extinction obtained from the Ha/Hb ratio (after correction for the Balmer underlying absorption) can be extrapolated to the FUV wavelength. We obtain A(FUV) p A(Ha) by assuming that the color excess of the stellar 1.4 continuum is 0.44 times that of the gaseous emission (see Buat et al. 2002 and references within) , and using the Galactic extinction curve of Pei (1992) , for which A(Ha)/E(Hb Ϫ . Ha) p 2.26 2. It is common to apply the method of M99 in galaxies with nuclear starbursts like M83. We compute a profile following this assumption (b-starburst, Fig. 2b ), adopting the TIR/ FUVrelation computed by K04. b GL X 3. Finally, we compute the extinction A(FUV) from the TIR/ FUV ratio, following Buat et al. (2005) . The result is presented 10 In the central 50Љ of the galaxy, the presence of the starburst and a bulge are not taken into account in the disk model. In the central starburst itself (10Љ), the UV spectral slope of the model is artificially changed to the canonical value Ϫ2.1 used for the intrinsic slope of a starburst (Calzetti et al. 2000) . More details on the models will be given in a forthcoming paper.
in Figure 2b . The absence of features in this gradient is due to the low-resolution infrared IRAS observations. To achieve a better spatial resolution that takes advantage of the TIR/FUV calibration for A(FUV), we perform a fit (outside the 50 central arcseconds of the bulge) providing A(FUV) p 0.86 ϩ 0.91 ( ) (Fig. 3 , dotted lines, shifted to account for the b Ϫ b GL X 0 average value of ). We use this result to compute a new b 0 extinction profile (b-models in Fig. 2, middle) from the b GL X profile.
The extinction maps (Fig. 1 ) and the profiles (Fig. 2) show that the extinction is relatively low in the very center (see the hole at the center of the map, Fig. 1c) , assuming that the b GL X low values of in this region indicate low extinction. The b GL X extinction (indicated by the various tracers) becomes rapidly high in a circumnuclear region and progressively decreases as we move into the disk of the galaxy. The various indicators show some common structure: the spectral slope (and the b GL X extinction profiles derived from it), in addition to the Balmer decrement, show several correlated peaks. One of the most remarkable peaks is located 100Љ from the center. Inspection of the images (Fig. 1) shows that this radius corresponds to the position of spiral arms where both the star formation rate and the extinction are enhanced with respect to average regions of the galaxy. The b-starburst extinction gives larger values than other indicators; i.e., M83 shows lower extinctions (computed from the TIR/FUV ratio) than starburst galaxies for the same value of b. This is in agreement with the deviations with respect to the starburst case already obtained in the LMC (Bell 2002) or in less active galaxies (K04).
We used a purely empirical relation above for and A(FUV) ( ) in M83. Because of the many uncertainties (ge-
ometry, , etc.), we prefer this to theoretical prescription. In b 0 Figure 3a , we compare our data outside the bulge with two models of WG00 (adopting for the value of our best model) b 0 to illustrate the dependence on the geometry. We also compare our results with the model of K04 for the birthrate parameter b obtained in our model of M83 ( ). We find that it log b Ӎ 0.2 overpredicts by a large amount for any given value A(FUV) of . Finally, our data are compared to other samples: the b GL X fit of K04 for the starbursts of M99 (solid line) and the integrated NUV-and TIR-selected galaxies of Buat et al. (2005) . The profile of M83 is consistent with the latter, although with slightly larger . Figure 3b shows the ratio The FUV surface brightness profile can be transformed into a star formation rate profile using the standard conversion factor of Kennicutt (1998) 
Regardless of the uncertainties affecting this number (see Kennicutt 1998) , the FUV profile must be corrected for extinction to obtain a reliable SFR. Figure 2c shows the SFR profile obtained without extinction correction (lower dotted line) and with various corrections proposed in the previous section.
11 We find that the SFR profile of our best model (stars, Fig. 2c ) is in good agreement with the one deduced from the observations using the TIR/FUV correction. This suggests that the star formation law used in our evolutionary models is quite realistic. 11 We also show the SFR profile deduced from the Ha surface brightness profile, corrected from A(Ha), and it is very similar to the SFR deduced from the FUV. This fact indicates that the current azimuthally averaged SFR is not very different from the SFR averaged over the last 10 8 yr.
We can compute the SFR of M83 inside 300Љ, according to various assumptions (adopting a distance of 4 Mpc; de Vaucouleurs 1979). With no extinction correction, the derived star formation rate is 1 M , yr
Ϫ1
. Assuming the whole galaxy behaves like a starburst (b-starburst), we obtain 10.1 M , yr
. This assumption probably overestimates the star formation rate, since the starburst is located only in the center. The extinction based on the Balmer decrement gives a SFR of 3.3 M , yr
, and the one based on a combination of the TIR/FUV ratio and b GL X profiles provides 3.6 M , yr Ϫ1 (a similar value of 4 M , yr Ϫ1 is obtained from the low-resolution TIR/FUV extinction profile).
To summarize, we used GALEX observations of M83 in combination with other data to compare several extinction indicators and to estimate the effect of extinction on the determination of the SFR. Differences of a factor up to 2.5 are obtained with the various methods. Moreover, we determined an extinction-free SFR profile that allows to check the validity of the SFR law used in evolutionary models. A similar analysis will be applied in a later paper to a larger number of galaxies observed by GALEX.
